Sonography of the breast has become invaluable in the characterization of breast lesions identified on mammography or at physical examination. The ability of sonographers and sonologists to employ critical thinking skills when imaging breast lesions is an important aspect to correctly diagnose and follow breast pathology. The purpose of this article is to delineate this process and provide examples of each sonographic categorization that these masses might present with. With careful attention to what can and should be documented with every breast lesion found by sonography, consistency to clinical and surgical treatment may increase.
Breast cancer is one of the most common malignant tumors and holds a high incidence of cancer-related mortality among women. 2, 3 Breast sonography has proven to be a popular supplement to mammography in the identification and characterization of lesions. Breast sonograms provide the interpreting physician with additional information that helps to confirm the findings of other mutually complementary diagnostic imaging examinations, such as mammography and magnetic resonance imaging (MRI), as well as holds the ability to identify clinical areas of suspicion. As breast sonography became a necessary adjunct or standalone examination in breast imaging, the need for defining sonographic characteristics rapidly became evident. Although many articles and books have been written on this great topic, this article aims to describe the necessary elements that every breast lesion should be evaluated for in an attempt to provide consistent reporting and documentation for every patient undergoing a breast sonogram.
In 2003, the American College of Radiology (ACR) published the Breast Imaging Reporting and Data System (BI-RADS) atlas. 4 This guide to standardized terminology and reporting was a five-year collaborative effort among members of the ACR as well as the National Cancer Institute, the Centers for Disease Control and Prevention, the Food and Drug Administration, the American Medical Association, the American College of Surgeons, and the College of American Pathologists. In 1988, the ACR organized "The International Expert Working Group" in Maine. This was followed by the establishment of an ACR subcommittee, which produced the final development and publication of the ACR BI-RADS  -US Lexicon Classification Form (see the appendix). As set forth by the ACR BI-RADS  -US Lexicon Classification Form, the term or condition of the mass that best describes the dominant lesion feature should be noted and documented with each finding for each of the categories listed. The format of the ACR BI-RADS  -US Lexicon Classification Form provides a consistent structure for the interpreting clinician to review the visualized lesion and better determine the appropriate assessment category (BI-RADS 0 to 6) for clinical management and indicated follow-up.
The focus of this article follows the ACR form as an outline while providing sonographic characteristics or acoustic phenomena that diagnostic imagers can identify with to enhance critical thinking tools to assist in a more accurate decision-making outcome.
The breast contains three main layers ( Figure 1 ):
1. Subcutaneous layer: contains the skin and subcutaneous fat 2. The mammary layer: contains the glandular tissue, ducts, and connective tissues 3. The retromammary layer: contains retromammary fat, muscle, and deep connective tissue
The majority of breast pathologies originate in the middle mammary layer of the breast. 5, 6 Although all layers of the breast are affected by the varying hormone levels experienced throughout a woman's life, the mammary layer will demonstrate the greatest changes with sonographic imaging.
A mass occupies space and therefore should be seen in two orthogonal planes or in three dimensions. Every breast lesion (whether focal or diffuse) should be evaluated using a rapid assessment of fundamental sonographic characteristics, with the possibility of some lesions having "nontypical" findings.
After first establishing the location of the mass, the shape of the lesion should be documented.
Shape
The general shape ( Figure 2 ) of a mass is rather nonspecific with regard to being benign or malignant, although irregular shapes are more concerning, primarily due to their indistinct margins. Defining the shape as oval, round, or irregular, as stated below, will fulfill the characteristic of shape. 7 A. Oval-elliptical or egg-shaped. This shape may include two or three undulations (i.e., "gently lobulated" or "macrolobulated"). B. Round-spherical, ball shaped, circular, or globular. C. Irregular-neither round nor oval in shape. An elliptical shape or gently lobulated shape may be present. Note if there are any protrusions at any point beyond a circular or oval shape.
Orientation
The second characteristic that needs attention is the orientation ( Figure 3 ) of the mass in reference to the tissue plane or its axial orientation. The largest diameter should be noted in relation to the chest wall, with its vertical dimension being noted as well. 8 A. Parallel-long axis of lesion courses parallel to the skin line and is noted to be "wider than tall." As the normal tissue planes of the breast are orientated horizontally, this indicates a mass is growing along the tissue planes. B. Not parallel-a lesion not oriented along the parallel axis of the skin line is noted to be "taller than wide" or vertical. This indicates the lesion is growing through the tissue planes.
Margin or Contour Analysis
The margin of a lesion must be scrutinized and described by its surface characteristics. 9 It comprises the transition zone from the lesion to its surrounding parenchyma. There are two categories, one of which has multiple subcategories.
A. Circumscribed (Figure 4 )-to draw a line around or encircle something. A circumscribed lesion will have a well-defined or well-enclosed margin. If a lesion is circumscribed, it should have a sharp demarcation between itself and the surrounding breast tissue, including the entire circumference of the mass. A margin that is well defined or sharp has an abrupt transition between the lesion and surrounding tissue. B. Not circumscribed ( Figure 5 )-a not wellcircumscribed lesion will have the opposite characteristics of a well-circumscribed lesion. However, there are many possible variations to a margin that is not clearly defined or sharp.
A not well-circumscribed mass has one or more of the following features:
• Indistinct-not clearly distinguishable or perceptible. In the presence of an indistinct margin, it is often difficult to determine the transition. The margin can be faint and dim or hazy and vague when compared with surrounding tissue, and this needs to be displayed appropriately. • Angular-defined by sharp undulations or multiple angles that can be acute or obtuse. Angular lesions include some or even the entire margin of a lesion having sharp corners, often forming acute angles. This descriptive category has also been referred to as a jagged or irregular margin. • Microlobulated-short, fine cycles producing small undulations under 1 to 2 mm. 7, 8 Margins of this type can vary from distinctly angular margins, in that they are typically more smooth and rounded, to short cyclic undulations imparting a scalloped appearance to the margin of the mass. Lesions of this type have also been described as having a "raspberry" 8 appearance visible on some or all of the margins. • Spiculated-fingerlike projections or lines radiating perpendicularly from the margins of the mass. These are thought to correlate with tumor tentacles or a desmoplastic reaction. This margin is formed or characterized by sharp lines projecting from the mass and may have fingerlike extensions into the surrounding tissue.
Lesion Boundary
The defined margin between a lesion and its surrounding tissue can range from being imperceptible to a distinct welldefined echogenic rim of any thickness. 9 The lesion boundary should be well documented and categorized.
A. Abrupt interface-if there is a capsule or an abrupt interface around the lesion, it should be noted whether the mass is thinly or thickly encapsulated. During real-time scanning, the capsule is best visualized at the orthogonal interface with the sonographic beam at both the anterior and posterior margins. Because of physical properties of the sonographic wave, this will help distinguish between artifactual and true wall thickness. B. Echogenic halo-when an echogenic halo is present, the boundary between the mass and surrounding tissue is bridged by an echogenic transition zone ( Figure 6 ).
Echo Patterns or Internal Characteristics
The echogenicity of a mass should be established by comparison with normal fat tissue, and breast masses should then be classified as one of the following listed below. Internal echoes ( Figure 7 ) can be portrayed as structures whose echogenicity contrasts with that of the predominant echogenicity surrounding the mass. The echo patterns may be course textured or fine textured as it refers to its homogeneous or heterogeneous makeup. The echogenicity of the largest area of the lesion as it relates to mammary fat should be described. 10 A. Anechoic-absence of internal echoes. The structure is fluid filled and transmits sound well. B. Hyperechoic-having increased echogenicity.
The mass reflects sound with a brighter intensity relative to fat or equal to fibroglandular tissue. C. Complex mass-contains both sonolucent or ane choic and echogenic or hyperechoic components. D. Hypoechoic-low-level echoes. Sound reflection is of less intensity, appearing darker than fat or surrounding tissues. E. Isoechoic-having the same echogenicity or very close to the normal echogenicity as surrounding breast fat.
Posterior Acoustic Features
Sound that travels through a substance of a different density will encounter attenuation or enhancement ( Figure 8 ).
Therefore, echoes posterior to a mass should be classified as follows:
A. No posterior acoustic features-there is no display of posterior shadowing or enhancement. Lesions will demonstrate normal or nonchanging throughtransmission ( Figure 9 ). B. Enhancement-increased posterior echoes can be noted distal to the lesion due to enhanced or increased through-transmission ( Figure 10 ). C. Shadowing-an anechoic or hypoechoic region posterior to a structure with high attenuation can be documented. When a mass casts a shadow extending across the entire lesion, the acoustic shadowing can be considered complete. 11 Lateral acoustic shadowing or edge shadowing can also be noted and should not be confused with refractive shadowing, where routine shadowing occurs at the curved edge of a smooth border. D. Combined pattern-more than one pattern of posterior acoustic artifact is encountered. A lesion with a combined pattern would display both posterior shadowing and acoustic enhancement.
Surrounding Tissue
After a lesion has been analyzed and evaluated for throughtransmission, attention should turn to its surroundings (Figures 11-15 ). Examine the adjacent tissue surrounding the breast mass:
A. Duct changes-duct extensions or an elongated tubular pathway leaving the lesion can be seen in such instances as a sebaceous cyst glandneck may present ( Figure 11 ). Ductal extensions are radially oriented projections arising from the mass along the axis orientated toward the nipple (Figure 12 ). When evaluating ductal branching patterns, there may be multiple types ( Figure 13 ):
• Large branches-demonstrating visible, larger tubular, nonvascular structures. • Medium branches-depicted as multiple smaller, distended ducts radiating from the lesion. • Small branches-often noted by their small spicules, sometimes being difficult to distinguish from the mass itself. B. Cooper's ligament changes-straightening or thickening of Cooper's ligaments leading to architectural distortion of surrounding breast tissue ( Figure 14 ). Some lesions are capable of elevating adjacent Cooper's ligaments without actually disrupting their continuity. 12 C. Edema-irregularity of the fascia depicting abnormal fluid collections along the fascial planes and diffuse thickening of the fascia. 13 D. Architectural distortion-normal outline of tissues is distorted, at times making even a definable mass difficult to visualize. Retraction of normal connective tissue around the lesion may occur, or adjacent tissue may become concave or scalloped as the mass invades it. E. Skin thickening ( Figure 15 )-normal skin thickness should measure 2 mm or less, except in the periareolar area. Skin thickening can be focal, or confined to a specific area, or diffuse, which is often related to other systemic problems. F. Skin retraction/irregularity-skin surface may appear to be pulled or tethered into an abnormality. Skin surface is concave or ill-defined and appears pulled in. 14
Vascularity
The vascularity ( Figure 16 ) within and around the mass must be assessed. This should include one image with B. Present in lesion-color flow located within the lesion. C. Present immediately adjacent to lesion-color flow noted proximal to the mass in question, immediately adjacent to lesion. D. Diffusely increased vascularity in surrounding tissue-increased vascularity in the surrounding tissue or in the mass itself. It is important to note that inflammation may also be a source of increased blood flow. E. Fibrovascular stalk*-depicted in or around the lesion, appearing to "feed" the mass. A pattern of irregularly branching penetrating vessels should be well documented. color Doppler being displayed and the same gray-scale image without color Doppler features. The presence of waveform characteristics will help determine high or low vascular resistance and should be documented with the number of vessels in and around a mass. If a feeder vessel is identified, a spectral tracing may also be documented. The fremitus technique, in which the patient is asked to hum while color or power Doppler is implemented, should also be applied. Note the presence of any fibrovascular stalks. Multiple vascular findings of breast lesions have been well documented in the literature, 15, 16 concluding the importance of assessing all breast lesions for their vascularity or lack of vascularity.
A. Not present or not assessed-an absence of color flow on examination or vascularity not assessed.
*This descriptor is not included in the ACR lexicon classification, but it should be noted if visualized.
Calcifications
Calcifications (Figure 17 ) are generally poorly characterized by sonography but can at times be recognized, particularly in a mass. They may be large or small, round or amorphous, irregular or indistinct in shape, punctuate or smooth, or clustered or linear, and they can be located within vessels as small arteries calcify. The location of calcifications may be segmental, regional, or diffuse. The characteristics of the calcifications should be noted.
A. Macrocalcifications-greater than or equal to 0.5 mm in size. This type of calcification is more apt to cause posterior shadowing due to its size. B. Microcalcifications-should be distinguished as either being located outside of the mass or contained within the mass. Often microcalcifications are too small (<0.5 mm) to produce shadowing.
In addition to these nine specific categories of sonographic characteristics, lesions may present with other findings that must be evaluated for and documented in certain cases.
Special Cases (Figure 18)
A. Clustered microcysts-a cluster of tiny anechoic foci each smaller than 2 to 3 mm in diameter with thin (less than 0.5 mm) intervening septations and no discrete solid components. B. Complicated cysts-mixed pattern of cystic and solid, fluid, debris, or blood. Transmission may or may not increase as the sound wave passes through these lesions. Complicated cysts may also have fluid-fluid or fluid-debris levels that may or may not shift with changes in the patient's position ( Figure 19 ). C. Mass in or on skin-there are many reasons for a skin mass to appear. These may include sebaceous or epidermal inclusion cysts, keloids, moles, and neurofibromas, to name a few. When necessary, use a standoff pad to depict and evaluate these superficial objects. D. Foreign body-may include marker clips, coil wires, catheter sleeves, silicone, and metal or glass related to trauma. Any article not related to breast tissue should be documented. This may include items found due to trauma, surgery, or any other type of invasive procedure. E. Lymph nodes-typical lymph nodes are circumscribed with a kidney bean shape. They often have a fatty hilum or center, and they are usually less than 1 cm in size. This central lucency arises from the fibro-fatty core of the node.
• Intramammary lymph nodes often have an echogenic hilus and hypoechoic surrounding cortex. They are typically found in the upper part of the breast, including the axilla. Their size, shape, echogenicity, and vascularity should be documented in the presence of a breast mass. 17 • Axillary lymph nodes should also be documented, especially enlarged nonfatty lymph nodes.
This pictorial work was created in an attempt to clarify the critical thinking process that all sonographers and sonologists should employ when diagnostically evaluating a breast lesion. Sonographic characterizations of solid breast nodules require documentation and evaluation of multiple findings due to the broad spectrum of presentations breast cancers retain. Given the fact that typical breast cancer presentations are not available, from a histological standpoint, there really is no typical sonographic presentation. There is, however, little room to ignore the characteristics described above, as each one can add diagnostic information that may dramatically change a patient's treatment plan and outcome. Because of the substantial overlap in sonographic characteristics between benign and malignant lesions, all breast masses should be scrutinized in full detail using standard terminology. In addition, it is worth noting the importance to draw upon both clinical and sonographic findings in creating a sonographic report. 
BI-RADS ® -US

ACR BI-RADS ® -US Lexicon Classification Form
For each of the following categories, select the term that best describes the dominant lesion feature. Wherever possible, definitions and descriptors used in BI-RADS ® for mammography will be applied to ultrasound. 
